The impact of three menu-labeling formats on changes in dietary quality of an away-fromhome meal is measured. The analysis is based on a lunchtime experiment using 232 student participants, with a control group and three treatments: (1) a calorie-content posting, (2) a complete nutrition-facts panel, and (3) health-related claims. We find that the calorie content posting lead to the highest calorie reduction, but it was also the only treatment associated with a significant reduction in the fiber content of the meal. The complete nutrition-facts panel treatment resulted in most sizable decreases in problematic nutrient content such as empty calories and calories from fat and added sugar. The health-related claims treatment led to a reduction in carbohydrates and calories from fat. The nutrient density of selected meals remained mostly unchanged across all treatments, but the empty calories proportion of total calories was reduced in the nutrition-facts and health related claims treatments, with the latter also leading to some reduction in added sugar density.
INTRODUCTION
Obesity is a tremendous social problem in the United States. In 2012, the World Health Organization categorized over 34% of the U.S. population as obese and over 67% as overweight (World Health Organization, 2012) . This problem, which has become substantially more prevalent in the past two decades, is associated with significant health problems such as cardiovascular disease, diabetes, and certain types of cancer. These diseases, in turn, have increased health care costs to approximately $150 billion per year (Lillis, 2010) . Obesity also has a negative impact on the labor market by decreasing the probability of employment and lowering wages and productivity for those employed (Cawley and Maclean, 2012 ).
The energy imbalance between calorie intake and calories expended is the primary reason for the widespread obesity in the United States (Rickard et al., 2013) . One possible contributor to the higher calorie intake is the increase in the consumption of away-from-home food, which increased from 25.9 in 1970 to 43.1 in 2012 (Economic Research Service, USDA). This type of food is typically more processed and contains more calories, fat, sodium, and added sugar while having lower dietary fiber and other essential nutrients (Asfaw, 2011) . Research also shows that the "supersizing" of food and beverages in fast food restaurants and consumers' underestimation of the actual caloric contents of foods in restaurants has attributed to an escalation of the obesity in the United States (Kuo et al., 2009; Roberto et al., 2010) . The average portion sizes of soda, French fries, and hamburgers offered at fast food establishments have increased by 49, 68, and 97 calories respectively since the 1970s (Nielsen and Popkin, 2003) ; and within the same chain operations, the portion sizes for sale in the United States are larger than those in Europe (Young and Nestle, 2007) . The larger portion sizes of these away-from-home foods encourage over-consumption.
For instance, a study by Paeratakul et al. (2003) shows that when eating out, adults and children consume, on average, 205 and 155 calories per day more than when eating at home.
Moreover, most consumers are not aware of how much they eat as they tend to underestimate the calorie content of their food purchases. This underestimation increases with the meal's size (Burton et al., 2009) .
Given the increases in food consumed away from home in the United States and the rise in obesity rates over time, both local and national governments have begun to enact mandatory menu-labeling laws. In 2010, health care reform legislation was signed into law in the U.S., mandating, among other things, that restaurants and similar retail food establishments with 20 or more locations post calorie-content information on their restaurants' menus (FDA, 2010) . More stringent menu-labeling laws have been passed and implemented in three cities (New York City, NY; Nashville, TN; and Philadelphia, PA), six counties (King County, WA; Montgomery, MD; Multnomah County, OR; Ulster County, NY; Westchester County, NY; and Suffolk County, NY), and four states (California, Maine, Massachusetts and Oregon) (FoodCalc, 2014) . But does menu-labeling impact consumer choice? The purpose of this study is to measure the objective changes in the dietary quality of selected meals as a result of several menu-labeling alternatives.
Various national and state or county polls indicate that Americans are in favor of menu-labeling policies (see Friedman, 2008) , however little is known about the comparative effectiveness of different menu-labeling standards in leading to healthier selections. In theory, most menu-labeling formats should reduce consumers' search costs and improve their understanding of nutrition information, thereby removing optimistic bias (such as calorie underestimation) and encouraging healthier selections (Berman and Lavizzo-Mourey, 2008; Dumanovsky et al. 2010 ).
The current literature on the effects of menu labeling on consumer choices and preferences is mixed. For example, Cranage et al. (2004) and Chu et al. (2009) estimated that posting calorie content and limited nutritional information about entrée items led to a 47-67% drop in the number of high-fat and high-calorie entrées selected. Webb et al. (2011) found that 74% of customers considered nutritional information useful to their selection process. Webb et al. (2011) displayed nutrition information for all menu items in a hospital cafeteria and found that 74% of customers considered the information useful to their selection process; moreover, the posting of such information corresponded with a significant increase in the sales volume of healthier side dishes and snacks, whereas no corresponding change in the sales volume of main entrées was observed. By contrast, Harnack et al. (2008) , Finkelstein et al. (2011) and Elbel et al. (2009) found no significant difference in the calories consumed by participants selecting from menus with and without calorie-content information. Yamamoto et al. (2005) reported similar results based on an experimental study of adolescents exposed to calorie-and fat-content labeling. Similarly, Downs et al. (2009) found insignificant and conflicting correlations between posted calorie values and number of calories purchased, suggesting that for some people calorie-content postings could have a perverse effect, actually promoting items with higher fat and calorie content.
Studies focusing on menu-labeling formats that go beyond basic calorie-and nutritional-content information are less common. The current literature is rich on the effects of calorie-content postings on consumer choices and preferences, but, to our knowledge, no study prior to this one has attempted with internal consistency to assess the effects of a variety of menu-labeling formats, including non-calorie information, on a consumer's overall dietary decisions. One reason such a study is important is that anti-obesity policies may be less effective owing to a "spillover" effect: for example, when a consumer decreases his or her soda consumption due to a high calorie label, he might offset this decision by purchasing a chocolate cookie, or eat a bigger portion of the main entree, in which case the net effect on calorie and nutrient consumption is ambiguous. Likewise, a switch to a healthier entrée might be offset by an increase in consumption of dessert or snack items. A comprehensive analysis of menu-item labeling and actual caloric and nutritional content of selected meals allows us to more thoroughly explore the impact of menu labels on the dietary behavior of consumers.
Our analysis is based on a lunchtime experiment using 232 student participants, with a control group and three treatments: (1) a calorie-content posting, (2) a complete nutritionfacts panel, and (3) health-related claims. A difference-in-difference regression model is employed to evaluate the relative effectiveness of each these menu-labeling formats within the same setting.
Our results indicate that all treatments significantly impacted the dietary composition of selected lunches. Total calories, calories from fat and total carbohydrates consumed were consistently reduced by all treatments; empty calories 1 were most significantly reduced by the nutrition-facts panel, which explicitly labeled various fats and added sugars. Similarly, while saturated fat content was cut by both the calorie-posting and nutrition-facts panel labeling, the latter treatment had the strongest effect, likely because of the explicit labeling of fat content. Finally, the calorie-posting treatment was the only treatment associated with a significant reduction in the fiber content of the meal.
In addition to examining the total energy and nutrient content of the selected lunches, we explored the potential changes in the nutrient density of the selected meals. We find that the overall dietary quality, expressed as nutrient density per total calories consumed, mostly does not change under any of the studied menu-labeling formats. The health-related claims treatment had the most impact on the dietary quality through slightly reducing the added sugar density and the proportion of empty calories among total calories selected; the empty calories part of total energy content was likewise reduced in the nutrition-facts panel treatment.
1 Empty Calories are the calories from solid fats and added sugars in foods and beverages, definition used by both FDA and USDA.
EXPERIMENTAL DESIGN
A total of 232 university students participated in the experiment, which was held at noon to coincide with lunch. All participants were recruited through online ads on the university's experimental lab platform, and subjects were randomly assigned to the treatments and control groups. The observed individual characteristics were sufficiently balanced across the treatments with the exception that the health-related claims treatment had significantly more females, who were less educated than the rest of the treatments or control.
We tested whether the dependent variables (measures for nutrient content or nutrient density)
were statistically significantly different for the participants of different gender in this treatment, and found no such significance. Subjects received a single $15 cash payment for their participation and in addition received a $10 voucher that could be spent exclusively on food items selected from menus provided in the experiment. Each participant took part in one session only, making two selections: a control selection from the menu with no labeling, and the treatment selection from a labeled menu. The menu used always had the same items and prices offered across all sessions, with labeling varying in the second selection depending on the treatment. A list of menu items offered, as well as their prices and caloric content (shown only for the calorie-content treatment) is provided in Table 1. <Insert Table 1 here> Once seated, subjects were given an overview of the experiment. Participants were informed that spending more than the given $10 endowment on their menu choices was permitted, but would result in the excess being deducted from their $15 participation payment. If, however, a participant spent less than the $10 voucher, s/he would not receive the difference back in cash. The reason we imposed this limit was to preclude participants from increasing their participation reward by ordering only inexpensive snacks or not ordering anything at all (that is, essentially not participating). The $10 endowment was originally set to reflect a representative total lunch cost including a beverage and a desert or snack item in the cafeteria used for the experiment, and the menu offered was developed accordingly. Even though subjects could spend up to $10 on their lunch, a significant number of participants (35%) Subjects were told that one of the menus had been randomly drawn before the start of the experiment, and the choices on that menu would become binding for the subjects, i.e., subjects would use that menu for their lunch selection. This implied that either one of the two set of menu selections had the same probability of becoming the participant's actual meal, and provided an incentive to treat item selection from both menus seriously and carefully consider all information available at the time of the selection. Thus, participants had the incentive to complete each menu as if it would be the one chosen, revealing their true preferences.
The experiment began with the unlabeled menu being presented to the subjects on their computer screens and each subject indicating next to each item's description the number of servings (if any) of that item that s/he would like. The total cost of the selected items was then automatically calculated and displayed at the bottom of the menu. (Item prices were identical to those charged by the local cafeteria that provided the items.) The menus included items actually offered at the university cafeteria and featured food ranging from relatively healthy (e.g., fresh fruit and vegetables) to unhealthy (e.g., bacon cheese burger or peperoni pizza).
The experiment included a short television break between the first and second menuselection phases in order to minimize boredom and to discourage subjects from making "automatic" or unrealistic choices. After completing their control selection, subjects were then shown a six-minute video of excerpts from the television show "Portlandia," a comedy series that airs on the Independent Film Channel. The first 3.25 minutes of this video were taken from an episode entitled "One Moore Episode" (2012) and the remaining 2.30 minutes were from an episode entitled "Mayor is Missing" (2011). After the television break, the same menu was presented to subjects, but now with the various labels depending on the treatment, which included:
1. Calorie-content posting treatment. The menu included, in parentheses, the caloric content of each item (see Table 1 ).
Full nutrition-facts panel treatment. The menu featured a table of standard nutrition information for each menu item, based on the Food and Drug
Administration's Nutrition Labeling and Education Act (see Table 2 ).
3. Health-related claims treatment. The menu contained certain health-related claims about one or more nutrients present in the items (see Table 3 ).
4. Control group. The menu remained unlabeled and identical to the first menu.
At the end of the experiment, subjects completed a computerized questionnaire regarding their general health habits, and certain socio-demographics. The prices for the food items were constant across the control and the three treatment groups.
ECONOMETRIC MODEL
To investigate the effect of each menu-labeling treatment, we assessed the total caloric and nutritional content, and nutrient density of each meal in both the first and second selection for each participant. We used Food-A-Pedia 3 , a USDA online nutrition-information database, for all non-beverage items, whereas the nutrition information for the beverages was obtained from the relevant manufacturers' official websites, or, in cases where such information was not available online, directly from the nutrition label on the bottle. The information of interest in this study included: total calories, calories from fat, saturated fat, empty calories, cholesterol, protein, carbohydrates, added sugar, sodium, and fiber-i.e., nutrients and other factors typically identified as having an impact on consumers' weight.
The design of the study affords pre-and post-treatment observations on every participant in both the control and treatment groups, allowing for a true difference-indifference approach in treatment-effects estimation. We base our analysis on two models, first, focusing on the changes in the total energy and nutrient content of selected lunches, and the other, estimating the effect on the nutrient density per gram of the meal.
The models we estimate focus on changes in the overall nutritional content of items selected from the labeled and unlabeled menu. The dependent variables are the differences between the nutritional or caloric content of the selections made from the control menu and those made from the labeled menu: a negative (positive) value is a decrease (increase) in the nutrient content of the items selected on the first menu compared to those selected on the second menu, while a zero value signifies no change.
The basic equation for analyzing treatment effects is Report, 2010 (ARS, 2010a , 2010b . The prices used in the experiment were not set by the experimenters and were taken directly from the university cafeteria; in most cases, changing the menu selection involved a change in the total items purchased, and hence, the price of the total meal. We do not include the change in the unspent balance as a control in our estimation, since the change in the total cost of the menu is endogenous to the treatment.
In addition to the calorie and nutrient content of the meal selections, we examine the changes in the ratio of empty calories to the total energy content of the meal within the same framework. We define the nutrient density as the content of selected nutrient per calorie content of the meal following the current literature (Drewnowski 2009 , Streletskaya et al. 2014 ). We also include beverages in our density measures, given some of the drinks on our menu are a significant source of calories, empty calories, sodium, added sugars, and carbohydrates.
Finally, since participants make item-based choices, they are selecting a bundle of nutrients by selecting a single item, for example a choice of pizza corresponds to a specific bundle of calorie, protein, carbohydrate levels and so on. Thus, to control for the possible correlations in the error terms among the individual regressions, we employ the seemingly unrelated regressions (SUR) estimation approach for both the total content and nutrient density models discussed above.
RESULTS <Insert table 4 here>
A total of 232 university students were randomly assigned to either a control group or one of three menu-labeling treatments as follows: 43 participants in the control group, 57 in the calorie-posting treatment, 67 in the nutrition-facts panel treatment, and 65 in the healthrelated claims treatment.
The average amount of total calories was around 554 calories, with the standard deviation of 292 calories, in selections from the unlabeled menu, and 539 calories (standard deviation of 275 calories) in the second selections, including both control and treatment groups. On average, experiment participants spent $8.22 on their first selection, and $8.49 on their second selection. Around 35% of participants (37.5% of participants for control selection, and 32.2% in second selection) spent $9 or less on their lunches, while approximately 11% of all participants spent more than $10 (and 7% spent more than $11) on their selections. Further detail on the socio-demographic characteristics of participants and the sample statistics are presented in table 4.
Estimation Results
<Insert Empty calorie content provides us with information on the nutritional value of the meal beyond satisfying energy requirements. The nutrition fact panel treatment was the only one to reduce the empty calories content, by an approximate 28%, or 65 empty calories, which was significant at the 5% level. It was also the only treatment to affect the added sugar content, leading to an average decrease of 9 grams of added sugars, or 32%, significant at the 10% level.
All treatments significantly reduced the calories from fat content. Calories from fat are often considered to be an indicator of a less healthy diet. The nutrition-facts panel had the strongest effect, reducing it by almost 78 calories (a 32.5% decrease), significant at the 1% level. The calorie-posting treatment, significant at 5%, lowered the calories from fat content by 58 calories, or 24%, and the health-related claims treatment had the lowest impact at the estimated decrease of 53 calories, or 22 %, significant at the 10% level.
Total carbohydrates content was also reduced by all menu-labeling treatments. The calorie-posting label had the strongest impact of around 22 grams, or an estimated reduction of 26%, significant at the 5% level. The nutrition-facts panel and the health-related claims labeling treatments' effect estimates were significant at the 10% level, and led to a 15 grams (17.8%) and 15.3 grams (18.2%) reduction, respectively.
Two of the three treatments significantly reduced saturated fat intake. The nutrition-facts labeling led to a decrease of the saturated fats content by an average of 3 grams (significant at the 1% level), equivalent to a decrease of approximately 30%. Saturated fats content was also lowered through the use of calorie-posting labeling, though to a lesser extent. The treatment reduced saturated fats by around 2 grams, or 20%, significant at the 10% level.
Finally, fiber content was only negatively affected by the calorie posting treatment.
The average decrease of fiber in this treatment was estimated at around 1 gram, or 25% (at the 5% significance level). Cholesterol, protein and sodium contents were not affected by any of the treatments in the study in any significant way.
To provide a different evaluation of the dietary quality of selected meals, a nutrient density analysis was also conducted. Nutrient dense diets are generally associated with healthier dietary patterns (ARS 2010) and may lessen the feeling of hunger, leading to weight loss and improved health over time (Fuhrman et al. 2010) . Accordingly, when evaluating the dietary quality of the meal, it is important to consider not only changes in total energy and nutrient content, but also changes in nutrient density.
<Insert Table 6 here> The estimation results for changes in the nutrient density of the selected meals are presented in table 6. While the total energy and nutrient content were affected by the labeling treatments, the nutrient density composition did not change significantly. The health-related claims treatment reduced the added sugars content by 1.8 grams per 100 calories of the meal, equivalent to a decrease of almost 40% compared to the added sugar density in the second selection of the control group. However, this estimate is only significant at the 10% level.
The ratio of empty calorie content to total calorie content of the meal was the only other affected density measure. Both the nutrition-facts panel and the health-related claims treatments had a significant at the 10% level impact, leading to 7 (or 22.5% less) and 9 (29% less) fewer empty calories per 100 total calories respectively.
CONCLUDING REMARKS
The main objective of this research was to examine the impacts of several menulabeling formats on nutritional composition of meals selected away from home. We used a laboratory experiment with a difference-in-difference design to estimate the effects of the three menu-labeling policies (calorie posting, nutrition-facts panels, and health-related claims) on nutrient composition and density of selected meals, measured across nine different nutrients or nutrient groups, including empty calories, calories from fat, saturated fat, cholesterol, added sugar, carbohydrates, protein, fiber and sodium.
The main finding of this research is that menu-labeling has a statistically significant impact on several caloric and nutrient content measures. All three menu-labeling alternatives reduced calories from fat and carbohydrate content. The calorie-posting treatment led to the highest reduction in total calorie content of the selected meal, while the nutrition-facts panel was most successful at reducing empty calories, calories from fat content and saturated fat content. The nutrition-facts panel labeling was the only treatment to reduce added sugars content, and, not surprisingly, the only treatment that provided participants with explicit information on added sugar and saturated fats content of selected items. Saulais (2012), Variyam et al. (2001) and Chandon and Wansink (2007) highlight that people tend to lack objective knowledge about food dietary quality, so it is not surprising that the type of labeling format had a strong influence over the actual changes in caloric and nutrient content. The calorie posting treatment provided no information on any other nutrients, and led to a reduced fiber content, while full nutrient-facts panel labeling, which provided information on fiber content of the menu items, avoided this problem. The health-related claims panel relied on participants' pre-existing knowledge of caloric and nutrient composition of most foods, and failed to impact the saturated fat content that was affected by the other two labeling treatments.
While the total energy and nutrient content was significantly affected by the labeling treatments, the nutrient densities were largely unchanged and resulted only in several small statistically significant changes. In other words, while the treatments reduced calories and some nutrients, the nutrient composition of the meals per calorie consumed remained mostly unchanged. Both the nutrition-facts panel and the health-related claims treatments reduced the share of calories from solid fats and added sugars, or empty calories, in the total energy content of the meal. The health-related claims treatment, which was the least effective in reducing total calorie content, was the only one to lead to a significant decrease in added sugar density. Previous research indicates generally low knowledge about added sugars content and its adverse effects on health (Variyam et al. 2001 ): this labeling treatment explicitly outlined the potential problems with added sugars consumption, and might have led people to qualitatively change their dietary composition, opting out of items they thought had added sugars.
In general, while calorie postings led to most dramatic decrease of calorie content, treatments that provided more information about the dietary composition or quality of the lunch items, especially the nutrition-facts panel, seemed to have more of a comprehensive effect on dietary quality.
One caveat with respect to our own study's results concerns the magnitude of the estimated impact, as our study was conducted in a laboratory setting (Levitt and List, 2007) .
In a laboratory study such as ours, menu-labeling information is inevitably presented to participants differently from how it would be in an actual cafeteria or restaurant. We offered our participants a computerized menu instead of an actual menu (or menu board), and the additional information made available to the treatment groups was salient. Also, the study estimated only a one-shot impact, i.e., the effects of menu-labeling on treatment participants over the course of just one session, with two different menus, which may not accurately depict the long-term effects of menu-labeling initiatives.
Despite these limitations, this study contributes meaningfully to the existing literature on the effectiveness of menu labeling on consumer purchasing behavior and dietary choices.
Although there have been numerous prior studies that have evaluated the impact of various menu-labeling formats separately, to our knowledge the relative effectiveness of the three menu-labeling formats (calorie posting, nutrition-facts panels, and health-related claims) has not been investigated in an internally consistent and comparable framework. In particular, the difference-in-difference design of the experiment allowed for a detailed examination of participants' choices in a controlled laboratory environment. Finally, using objective measures of nutrient content for the whole meal allowed us to evaluate the changes in the dietary composition of the meals even in cases of health halos, where switching to one healthier item leads to an increase in consumption of side dishes or high calorie drinks (Chandon and Wansink, 2007) .
Further avenues of related research might be to examine the long-term effects of different menu-labeling policies, including the nutritional effects on all meals in a day for an extended period of time, and explore the difference between perceived and actual changes in dietary quality of the meals. Consumption of cholesterol and saturated fatty acids causes higher blood cholesterol levels, which is one of the risk factors for heart disease. High sodium contained in this product raises blood pressure, which increases the risk of heart disease and stroke (American Heart Association, 2012; U.S. Food and Drug Administration, 2013).
TABLES

Fresh Banana, Fresh Orange
Dietary potassium can lower blood pressure, reduce risk of developing kidney stones and decrease bone loss (USDA, 2012).
Chocolate Chip Cookies, Brownie Bar
This product contains added sugar, which increases caloric intake without providing any nutrient adequacy. The sodium contained in this product raises blood pressure, which increases the risk of heart disease and stroke (USDA, 2010; U.S. Food and Drug Administration, 2013). 
